INTRODUCTION
The Gorgon gas field is located in the Carnarvon basin, North West Australia, approximately 130 km offshore Barrow Island (Figure 1 ). The Gorgon gas field (including Jansz-lo) is one of the world's largest natural gas projects and the largest single resource development in Australia's history (Chevron Australia Official Website).
Figure 1. Gorgon Gas Field (Chevron Australia Official Website)
The geological structure of the Gorgon gas field is an elongated horst block trending north-north east at the south western end of the Rankin Trend that was formed in the Early Jurassic during an active rifting. This provided large volumes of sediment, which moved north and spread out to form the reservoir sands (Clegg et.al, 1992) .
After the discovery of the Gorgon field in 1981 with the drilling of the Gorgon-1 well, the main source of information to demonstrate and de-risk development of the Field was conventional streamer seismic data acquired in 2006. This dataset suffers from severe fault shadows, especially at the main horst block boundary faults as shown in Figure 2 , causing uncertainty in the evaluation of the structural container.
SUMMARY
Ocean Bottom Node (OBN) acquisition has been widely used in oil and gas industry to provide improved reservoir imaging when compared to conventional narrow azimuth (NAZ) towed streamer data. Its full azimuth (FAZ), high fold count, high repeatability and broadband character prove to be beneficial especially in areas with complex geological structures and were a driver to record the first OBN survey in Gorgon gas field, NW Australia. These characteristics play an important role in resolving fault shadows that have hindered interpretation on previous towed streamer datasets. Furthermore, the limitations arising from a relatively sparse receiver grid in the OBN acquisition are mitigated by an advanced processing sequence. The benefit of OBN data, and the workflow effectiveness, has delivered a step change improvement in reservoir imaging results over the Gorgon gas field.
Figure 2. Vintage streamer PSDM stack showing the fault shadow issue
The root cause of the fault shadow is the strong velocity variation across the faults. It creates a weak illumination thus low signal to noise ratio zone beneath the fault. The pattern of this "fault shadow zone" is related to the shooting direction of the streamer data, so richer azimuthal data coverage is needed to improve the velocity model. This coupled with the requirement to have high repeatability for potential future 4D surveys makes OBN an ideal candidate for 4D baseline in this field.
OBN ACQUISITION
The Gorgon OBN data was acquired in 2015/16 over a total area of 450 sqkm with water depth ranging from 100m to 900m. The shot carpet area is approximately 980 sqkm with a full imaging area of approximately 240 sqkm. CASE Abyss nodes were used, recording Hydrophone (P), Geophone X (Gx), Geophone Y (Gy) and Geophone Z (Gz). A total of 3100 receivers were deployed on a staggered 375 m grid. The survey was acquired with 18.75m x 37.5m shot interval/source line interval on a dual source flip-flop setting. This configuration provided full azimuthal distribution and a nominal fold of 289 (up to ~8500m offset) for the full fold area as shown in Figure 3 .
Figure 3. OBN Survey (a) Rose Diagram (b) Fold map (c) OBN up-going Stack

OBN RESOLVING FAULT SHADOWS
One of the main objectives of the OBN acquisition was to resolve the fault shadow issue which was predominant on vintage streamer data. The narrow azimuth vintage data was acquired parallel to the fault planes, hence lacking illumination through the fault planes. This resulted in a significant degradation of the target image with a strong distortion of the reservoir sands over the whole survey area. To better understand the relationship between fault shadow and azimuthal illumination, PSDM stacks between OBN and streamer data migrated with the same velocity model were compared (model generated using combined OBN and Streamer datasets) in figure 4. Traces were selected with similar azimuths and offsets from streamer and OBN, the stack of those common offset and azimuth traces for streamer and OBN are shown in Figure 4a and 4b. As expected, one can observe very similar fault shadow issues in both datasets as highlighted with yellow arrows.
By opening the azimuth coverage to 45 degree azimuth sector for the OBN data as shown in figure 4c , the OBN stack starts to show obvious improvement in the continuity and better S/N ratio in the fault shadow zone. Going further, by increasing the full azimuthal contribution of the OBN data for stack, significant improvement in the reservoir imaging can be noticed along with enhanced continuity of the reservoir sands under the bounding faults. This demonstrates the imaging uplift by leveraging the full azimuth distribution of the OBN data.
Another benefit of the OBN data is to help derive a better velocity model. Prior to the OBN acquisition, the vintage NAZ streamer data was reprocessed with a high-end modern broadband processing flow. A dozen iterations of tomographic inversion were applied to update the velocity model. This effort improved the velocity model and imaging, but did not resolve the fault shadow issue (Figure 5a ). Once the OBN data (both upgoing and downgoing wavefields) became available, all three datasets (streamer, OBN upgoing and OBN downgoing) were used in the full azimuth tomography update, starting from the vintage streamer velocity model. The superior signal to noise AEGC 2019: From Data to Discovery -Perth, Australia ratio (S/N) and full azimuth in the OBN data helped the tomographic update to capture the velocity anomaly along the fault plane and refine the anisotropic parameters. The resulting velocity model is more accurate and therefore provided a better image at the reservoir level (Figure 5c ). The benefits of the new velocity model itself can be better assessed from the image produced by streamer only data (Figure 5b) , which is already greatly superior to the original image (Figure 5a ). This demonstrates that using OBN data for velocity model building is another key component in resolving fault shadow problems. 
MITIGATING OBN ACQUISITION LIMITATION IN PROCESSING
To fully utilize the benefit of the azimuth contribution, an advanced processing sequence was deployed to mitigate the limitations of the OBN data. The main limitation is the sparse nature of the acquisition resulting in a Gaussian distribution of the offsets, with the near and far offsets being poorly populated. For the Gorgon OBN, with a receiver grid of 375m and offset increment of 750m, the near offsets had very high noise levels (Figure 6a ). This affected the amplitude extraction and AVA/AVO trend at the target reservoir levels. One solution is to apply 5D interpolation to increase the fold and ultimately reduce the noise and improve the S/N. Hybrid Fourier 5D interpolation based on the hybrid minimum weighted norm interpolation (Wang and Wang, 2013) was applied to reduce the receiver grid to 187.5m for the OBN data. Figure 6b shows the benefit of 5D interpolation on the near stack with an improved S/N ratio and improved amplitude conformance at the top reservoir. 
Another challenge for this OBN data was to fully address the noise patterns described as "Criss Cross" noise in the far stack data shown on figure 7a, instigated either from residual multiple diffraction tails or residual refraction noise. The processing workflow took advantage of another benefit of the OBN acquisition which is having access to two wavefields, Up Going and Down Going, through wavefield separation. These two wavefields will image similar signal but different noise patterns. This characteristic enables us to remove the noise from both wavefields in the imaging domain through co-denoise technology based on the curvelet transformation (Huang et al., SEG 2014) . Figure 7 shows the far stack from the upgoing wavefield before and after co-denoise using the downgoing wavefield. We can clearly see that the noise is attenuated while the signal is preserved, thus improving S/N significantly.
FINAL IMAGING RESULTS
The evolution of the data quality over the field is shown in Figure 8 . The vintage towed streamer data was reprocessed multiple times, most recently in 2016. However, whilst modern technologies like broadband processing and state of the art demultiple technologies help to improve data quality, the fault shadow issues could not be fully resolved. Only with FAZ OBN data were we able to achieve a step change in imaging quality, demonstrated by:
• Improved deep reservoir imaging • Major reduction in fault shadow zones • Significant enhancement in S/N The FAZ OBN data has therefore helped the Asset Team to extract more accurate and reliable amplitude information at the reservoir level as shown in Figure 8 
CONCLUSIONS
This case study of the first OBN survey in NW Australia has clearly demonstrated that OBN data has the ability to resolve the fault shadow issue seen on vintage NAZ streamer data. This significant improvement in reservoir imaging can be attributed to the full azimuth nature of the data which enables improved velocity estimation and captures the complex ray paths through the fault planes. It has been demonstrated how advanced processing is able to mitigate the inherent limitations (coarser receiver spacing resulting in relatively high near-angle and farangle noise issues) of this sparse OBN acquisition.
The OBN data has provided a step change in resolution of reservoir sands and structural imaging compared to the NAZ data, helping to reduce uncertainty. The highly repeatable nature of OBN seismic also provides a suitable seismic baseline for any potential future monitor surveys over the Gorgon field.
